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Many Chinese mega-cities frequently experienced severe and persistent haze pollution in recent years. 1, 2 Especially, the so-called 'explosive growth' of PM 2.5 concentration has often been observed at the beginning of a severe pollution event in winter. As shown in Figure 1 (a), the explosive growth of PM 2.5 concentration could be increased from below 50 mg/m 3 up to 250 mg/m 3 in only 5-10 h. The explosive growth of PM 2.5 concentration in cities can have a strong impact on people's life and health. 3, 4 In contrast, in Figure 1 (b), during 1-5 November 2013 in winter, the PM 2.5 mass concentration grew accumulatively in Xi'an, increasing the concentration from 23 to 137 mg/m 3 . Meanwhile, the speed of coagulation of new particles in these PM 2.5 concentrations during the explosive growth event is evidently far more than the speed of normal accumulation of these PM 2.5 concentrations as shown in Figure 1 (b) and with long duration.
Although many scholars have put forward ideas to analyse the pollution of high PM 2.5 concentration from various directions, the details and theory of particulate explosive growth process are still not clearly defined and elucidated. Secondary reactions may have contributed to the increment growth of particle number concentration, 5 but the high speed of chemical reaction is confusing the possible theory. Actually, at the beginning of a severe haze, the process of explosive growth of PM 2.5 concentration could be undergoing a series of physical-chemical processes, in which the charging particles have a significant influence. The charges and ions on particle surfaces could affect the collision and coagulation behaviour of particles, and also the subsequent chemical reactions occurring on the particle porous surfaces.
Aerosols in any form are usually electrically charged, no matter in solid, air or liquid (including cloud aerosol, fog aerosol and smog aerosol), either in natural or artificial form. 6 There are many natural or artificial factors that could charge the aerosol particles, such as cosmic rays in space, radiation from radioactive material in air and on earth, atmospheric lightning, electromagnetic radiation, high temperature discharge and static electricity caused by particles collision. 7 On the other hand, because fine particles are porous media with rough surfaces, changeable shapes and uneven energy distribution on surfaces, the distribution of ions and electrical charges on particle surfaces must be uneven, and the energy would gather at the location with small curvature. Thus, the high potential and electrical charges could easily aggregate at the cusp. 8 When a fine particle is separated from a larger particle, a static charge transfer would arise giving two charged particles. Particles with different diameters would become charged after their collision and then separate from each other. When aerosol particles are carrying electrical charges, particle interactions and surface chemical reactions could be affected by these surface charges, thus changing some physical characteristics of particles, such as cohesion, adhesion and its stability in the atmosphere. 9 The electron dynamics of these charged particles could also have an adverse effect on human's health. 9 The recent research 7 suggested that during the process of explosive growth, the reverse growth of volume concentration of aerosol may be influenced by fluctuation of air moisture under stable atmospheric conditions, 4 which means that in a very short period of time, under the condition of stable or declining number concentration of aerosol particles, adsorbing moisture could increase the diameter of aerosols. 10 In fact, water molecules adsorbed on the surface of particles in atmospheric environment could play a very complicated role in the process of particles collision. If thin water film is present on the surfaces of suspended aerosol particles, a 'water bridge' could be formed at the contact interface when particles are moving and colliding in the air, 11 by which hydrogen ions would be redistributed, and then particles would be charged after the separation. [12] [13] [14] Experiments have shown the variation in atmospheric relative humidity would influence the transfer rate of free ions in the surface adsorption layer, thus changing the surface electrical properties of particles. 15 Moreover, When environmental air pressure/water vapour partial pressure is reduced, the effect of particle surface desorption ions would cause a sudden change of surface charge numbers. 16 Recent observations indicate that the spatial distribution of the atmospheric electric field has a close relationship with the spatial distribution of pollutants in Taiyuan City of China in winter heating season, and the pollution of gaseous SO 2 and sulphate aerosols could play a major role on enhancing the atmospheric electric field because the ionized SO 2 dissolved in ambient air may generate oxide sulphate as atmospheric particles, thus enhancing the atmospheric electric field. 8, 17 Due to the chemical composition of aerosols which contains a great deal of oxidizing and reducing agents, redox reactions could take place on aerosol particles during every moment in the atmosphere. Meanwhile, with lots of liquid and solid aerosols in the atmosphere, and there are various metal ions in solid aerosols, many small chemical batteries could be formed between liquid and solid state, in which the liquid aerosols are the electrolyte solution and the metal or metal ions are the metal electrodes. Because of the atmospheric aerosol in the electrochemical cell is a multiple system, the atmospheric aerosol can be regarded as a big battery giving the electric double layer and potential difference in the atmosphere. 18 The most noticeable representations of this phenomenon are the rusting of wire hanging in the air, greening of copper ware and peeling of stone carving monument. At the same time, there could be a change in the Gibbs free energy between the aerosol chemical batteries, and thus influencing the energy levels of reactions. Specially, in the same phase, thermodynamic function of state, such as the internal energy, enthalpy and Gibbs free energy of an ion would be different if it exists in an electric field. So the results of phase change and chemical reaction could also be different. 19 In the study of electrical charges on aerosol surfaces, the first difficulty is the measurement of the charge number of a single particle on its surface in different meteorological conditions. As the urban atmospheric environment can be affected by time series geographical and weather conditions, the research into electrical charges on particle surface would require lots of experimental data under consistent and different experimental conditions. Some scholars have illustrated that the surface charge potential on aerosol particles are between À50 and 150 mV and the surface charges areas would be in a range of À3e to 7e. 20 These observations on aerosol surface characteristics, would have the following implications:
. The surface charges on particles would affect the growth and coagulation of particle aerosol within the urban canopy.
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. In the process of particles becoming in contact with each other, the electrostatic force would be an important factor in the interaction of these particles. However, there has been very few, if any, experiment conducted that could contribute towards the comprehensive understanding of the mechanical properties of charged particles. . The energy level of chemical reactions would be affected by the surface potential of the particles, but the extent of any secondary reaction is unknown.
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. As there could be a diversity of charges on fine particles, the full elucidation of reasons for the observed increment of particle concentrations and charge capacity during some unique meteorological conditions would be difficult to verify.
In conclusion, the aerosol fine particles are always electrically charged in atmosphere. From a microscopic perspective, when particles have become charged due to meteorological conditions, the charges on particles' surface would cause an alteration in the mechanical character between particles, promoting coagulation of ultrafine particles, affecting the types and rates of surface chemical reactions at the same time, thus promoting formation of secondary chemical reactions, accelerating particles growth rate, subsequently, leading to severe atmospheric pollution within urban canopy and thus posing threats to building environments and people. However, the research of surface charging is lacking in improvement of quantitative measurement techniques to provide comprehensive analysis of the mechanism, especially the high resolution measurement of different particles diameter sizes under various climatic conditions. This should raise challenges to atmospheric scientists to further analyse the scale and effects of charged particles. Moreover, although electrostatic technology has been widely used in electrostatic precipitation, for the fine particle in nature, the static electricity generation and charging mechanism on the surface would still need further research for years to come.
